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CHAPTER 
( I ) 
INTRODUCTION 
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The environment is defined as the sum of all external 
influence.? and conditions affecting life and development of 
organism. The intensity of man's activities and diversity and 
magnitude of different types of waters introduced into the 
environment are increasing at an alarming rate. Environmental 
pollution is generally referred as the unfavourable alteration 
of our surroundings and occurs mainly because- of the action of 
the man. Environmental pollution takes place through changes 
in energy patterns, radiation levels, physical and chemical 
constitutions and abundance of organisms. 
Environmental systems contain many complex processes 
which are closely associated with human problems such as 
maintenance of renewable resources, conservation of non-
renewable resources (fuels, minerals ), geological hazards 
associated with many natural disaster such as volcanic 
eruption, floods, earthquakes, landslides etc., indiscriminate 
consumption of fertilizers, pesticides, herbicides, 
insecticides in agriculture, sewage, industrial effluents and 
other natural pollution hazards. 
Water pollution is a resource problem ever since sewage 
and industrial effluents are being disposed out into the 
rivers. Industries need a wide variety of ch-.-iicals which are 
later discharged into the rivers, lakes, and oceans. The 
modern techniques of agriculture involve the use of a wide 
2 
variety of fertilizers and pesticides which when applied to 
the soil will find their way to water sources. 
Faridabad district is the smallest district of Haryana 
state adjoining Delhi . Due to close vicinity of Faridabad to 
Delhi and easy approachability by rail and road, it has become 
an important town near the capital. Because of the scarcity of 
land in Delhi, there has been a great spurt in development of 
Faridabad town. In fifties there were hartily any important 
industry, but at present there are over one thousand 
industries manufacturing electrical goods, general engineering 
equipments, tractors, transport and agricultural implements, 
rubber, tyres, paper, palstics, readymade garments, textiles 
and other products. 
Apart from industrial growth there has been remarkable 
improvement in the field of agriculture in the rural area of 
the district. Due to availability of tractors and other 
agricultural implements, there has been drast.''; improvement in 
the varieties of seeds, fertilizers and insecticides. 
Consequently there is a several fold increase in agricultural 
production in the study area during last few years. 
However, extensive industrial expansion, urbanization and 
population explosion have changed environmental and naturral 
ecosystem. The surface and sub-surface water are continuously 
being polluted because of unabated industrialization in and 
around Faridabad city. The solid waste from industrial belt 
of Faridabad is dumped in the vicinity of factories in the 
depressions. The solid waste is subjected to reaction with 
percolating rain water which finds its way to ground water. 
During reaction this percolating water picks up a large number 
of ions and reaches the water levels as leachates. It follows 
the flow of ground water and hence the water become polluted. 
Extensive use of f^ertilizers in some case resulted in downward 
migration of the constituents of fertilizers by percolating 
water eventually resulting in ground water degradation. 
Nitrogenous fertilizers release nitrate which when consumed 
over a large period of time may results in the formation of 
nitroso-amino compound which are known to be c.ii-'^ inogenic. 
The problem of ground water pollution of Faridabad 
requires remedial measures in order to check the further 
degradation of ground water otherwise the e}:tensive ground 
water resources may be damaged beyond replenishment. As the 
ground water is the only source for domestic, industrial use 
and major source for agricultural purpose;, so any damage to 
ground water quality would cause unprecedental problem in the 
area. 
LOCATION AND AREA: 
0 
Faridabad district lies within the latitude 28 5' north 
0 0 0 
to 28 35' north and longitude 77 5'E to 77 E, Faridabad is 
bounded by Gurgaon district of Haryana on the weasten side, 
Ghaziabad, Bulandshahar and Aligarh district of Utter Pradesh 
't 
on the eastern side, Delhi on the northern side and on 
southern side by Mathura district of U.P. Faridabad is about 
30 km from New Delhi. It has an area of 2150 sq.km. of Haryana 
state which is about 4.86 % of the state. The population of 
the district for the year 1989-90 was around 12.5 lakh. 
According to 1981 census the population has gone up over 10 
lakh which is 7.74 % of the total population :'.f the Haryana 
state. Rapid increase in population of Faridabad during last 
four decades after the independence of the country is alos one 
of the main reason of environmental pollution. 
Ground water is the main source of drinking water supply 
which is controlled by Faridabad complex administration and 
Haryana urban development authority. Industries have their own 
tubewells and there are large number of handpumps, dry wells 
and shallow tubewells in the rural area. 
The area experiences severe heat during summer in the 
0 
month of May and June when highest temperature is around 46 C, 
and severe cold during December-February when the minimum 
0 
temperature is Less than 5 C. The rainfall oc.rurs between the 
month of July and September. The annual rainfall ranges 
between 500 and 912 mm. The annual rainfall based on average 
of five years ( 1979-83 ) was 562.9 ram. 
PREVIOUS WORK: 
The earliest geological mapping in the area dates back to 
1917 by Heron, who grouped the hard rocks of Delhi and 
northern part of Faridabad area into Alwar r.eries of Delhi 
syastem. Hard rocks are folded into isoclinal anticline with 
srike varying from N-S to NE-SW with highly irregular dips. 
Physiographically Delhi and its surrounding areas including 
Faridabad were classified into hills and Yamuna river plains 
as per the first district Gazeteer. 
Hydrogeological studies have been carried out by Seth 
D.N. (1954), Chattergi G.E., Sharma S.K. (1966-67), Deb Burma 
and Seth (1963-65), Prasad (1969) and Bhatnager N.C. (1966),. 
Srivastava J.P. (1957-60) carried out the mineral assesment of 
the area. Srivastava K.N. (1972-73) and others have carried 
out Geo-Techtonic investigations. 
Detailed study regarding Geology, Geciaorphology, and 
Hydrogeology was carried out by Sinha R.K.- (G.S.I., 1980-81). 
Engineering geology investigations have been carried out by 
Hukka (1963), Krishnaswamy (1965), Srivastava K.N., Mehta et 
al (1973-74). These studies deciphered seismic zone , patterns 
of regional drains, bed rock topography and basement 
structures. 
A detailed geomorphological, geological and soil 
investigations based on aerial photo-interpretation have been 
carried out by Ghosh et al during 1973-76. Kakar et al (1989) 
have carried out detailed study on hydrochemistry and water 
pollution in Faridabad area. Kakar Y.P., Sikka V.M., Janeswar 
Das and Bhatnagar N.C. have conducted detailed study in the 
u 
year 1982 and 1986 with repeated sampling in order to 
investigate the temporal changes in the water quality of the 
area. 
AIMS AND OBJECTIVES:-
Faridabad is the most industrialised district of Haryana. 
There has been rapid increase in population during last two 
decades. The main objective of the present study is to know 
the industrialisation and urbanisation effects on the quality 
of water used for various purposes. 
The present study in the area includes the following 
aspects: 
1. Preliminary study of available literature of the subjects 
related to the area specially confined to surface and 
sub-surface water pollution. 
2. To carry out the demarcation and mapping of the area 
including surface and subsurface water bodies and location 
of municipal drains. 
3. Demarcation of the various industrial units and their 
classifcation. 
4. Collection of water samples from surface aid sub-surface 
water bodies and also those in vicinity of Yamuna river 
basin. 
5. Chemical analysis of surface and sub-surfa.^e water samples. 
6. Toxic effects of heavy matals on environment and its 
repercussions. 
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GEOLOGY AND PHYSIOGRAPHY OF THE AREA 
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GEOLOGICAL SET-UP:-
The area is occupied by quaternary alluvium and pre-
cambrian Alwar quartzite of Delhi system. Tie Delhi system 
lies over the gneisses and the Railos with a great 
unconformity and is in turn overlain unconformably by the 
Vindhyans. The surface stands out as linear ridges flattish at 
the top and rises about 70-120 m above the surrounding highest 
alluvial surface ( GSI, 1980 ). Data about depth to bed rock 
from boreholes revealed the continuity of the Alwar quartzites 
beneath the quaternary alluvium in a north easterly to north 
westerly direction but at depth, the basement has an over all 
easterly slope and is faulted and fracture.d. 
The stike of the rock outcrops (Alwar quartzite) varies 
from N-S to NE-SW with dip towards east and south-east in the 
north and west to north-west in the south. The stratigraphic 
sequence of the area is given below. 
STRATIGRAPHIC SEQUENCE OF THE AREA 
(After Kakar et nl, 1989) 
Quaternary Recent and Alluvium comprising 
pleistocence clay, silt, sand and 
kankar 
Pre-Cambrian Delhi system Alwar quartzite 
interbeded with 
mica schist 
3 
ALWAR QUARTZITE:-
The western and north-western part of the area is 
occupied by Alwar quartzite of Delhi system. The quartzite 
form high hill ranges and generally stike in NNE-SSW direction 
with easterly dips. The total thickness of Alwars are 10,000 
to 13,000 feet consisting of compact quartzites, conglomerates 
and grits. 
The Alwar quartzite of Delhi system is expressed 
geomorphologically as ridges. Tese ridges are not only the 
highest landform but also the oldest landform. The sculpturing 
of the ridges by various processes was associated with the 
phenomenon of deposition of unconsolidated i^ediments which 
are seen overlying these as alluvial surface. 
The quartzites are dirty white, pale grey or pale 
pinkish, purple in colour, they are compact hard, thickly 
bedded and at palces arkosic in nature. These are generally 
vitreous, close textural, thickly bedded and gighly jointed. 
Some of the quartzites consist of iron and copper ores . The 
presence of cavities within the quartzite is suggestive of 
pyrite mineralization . 
The quartzites of Alwar series are highly jointed. The 
prominent joint sets are the strike joints, bedding joints and 
dip joints. Strike and dip joints dipping agc^ inst the dip of 
the beds are very prominent which give rise to more or less 
rectangular blocks. The joints are open at the surface and 
iO 
tend to close at depth. The quartzites are interbedded with 
bands of mica-schist varying in thickness from few centimeters 
to three meters. The schist bands are the oldest rock type in 
the area and constitute the oldest landform. 
ALLUVIUM:-
Unconformably overlying folded and faulted Alwar 
quartzites of pre-cammbrian are deposits of quaternary 
alluvium which occupy a major part of the area, the alluvium 
composed of silt, sand, gravel and kankar (calcareous nodules) 
in varying proportions. The available borehole records suggest 
that the maximum thickness of this formation is to be the 
order of atleast 150 m. 
The deposits, as is typical of all river laid deposits, 
are lenticular i-n shape. The thickness of alluvium overlying 
Alwar quartzites, increases towards east and south-east. The 
representative lithological logs of tubewells drilled in 
Faridabad (C.G.W.B., 1982 ) shows that alluvium within 40 m 
to 50 m depth comprises mainly of sand with clay and kankar 
intercalations whrereas at deeper depth , the sediments are 
predominently clayey in nature. 
The clay sand thickness ratio down to the depth ranges of 
70-80 m showed a normal distribution with a mean of .90 on 
eastern side of Yamuna river. However, in tiie depth ranges 
between 75-100 m below ground level, the ratio showed a 
different distribution , which can be suggestive of some 
i i 
change in depositional regime. The lithology in this range is 
predominently clayey (G.S.I., 1980 ). The quaternary alluvium 
deposits are considered to be fluvial in origi'i 
PHYSIOGRAPHY:-
Physiographically the area can be devided into two 
groups: 
1. Rocky surface 
2. Alluvial surface 
1. Rocky Surface:-
The north eastern extention of Aravalli mountain chain 
occurs as peneplained ridges and occupies the north western 
part of the area. These ridges are flat topped and do not show 
appreciable level differences and hence bear.-; i he look of a 
plateau. The ridge in the area of investigation are the south 
eastern extention of the main ridge system. The rocky ridge 
trending NNE-SSE direction. The elevation of the rests of the 
ridges varies from 213 m to 314 m from the surrounding plains. 
On the southern side these surface abruptly plunging beneath 
the alluvium. 
The slope of land surface on the eastern side of ridge is 
towards Yamuna river where the general gradient is about 3.3 
meter per kilometre. Area to the south and east of this rocky 
surface upto and beyond the Yamuna is a vast gently rolling 
alluvial with intervening low land characterized more or less 
•n, 6 
subdue microrelief representing the flood plains of Yamuna. 
The rocky surface in the south-east is fringed by 
peidmont zone which shows restricted development. It can be 
seen near Badkhal. The zone is occupied by thin soil cover 
composed of yellow gritty sandy clay with irregularly 
dispersed angular rock fragments and kankar. 
Allavial Surface:-
Extending to the east and south of the rocky surface is 
an extensive tract of alluvial surface. This surface has been 
classified as Bangar and as gently undulating surface by Ghosh 
et al (1976). The surface has a general elevation of 224 m 
above mean sea level in the northern part and slope down 
southerly to attain an average elevation of 196-199 m in the 
southern part. Field scanning of LANDSAT imagery on 1:50,000 
scale by G.S.I, 1980, revealed the presence of relict fluvial 
features over this surface, a lighter photo tone and a break 
in slope separating it from the adjoining rocky surface. 
In the study area, this surface does not appear to exibit 
any significant dissection and undulaion whereas in southern 
and south western part, this surface is characterized by the 
presence of abandoned channels, cutoff meandv^rs, leves etc. 
and these are responsible for the micro-relief. Alluvial 
surface is made up of alluvium of varying thickness and 
expressed as a cyclic sequence of clay/silt and sand/gravel. 
The alluvial surface is originated as a result of fluvial 
IJ 
action since the years of geological past. Around the places 
of erosion of Faridabad alluvial surface, it was seen that the 
Yamuna river has scoured the top of the surface and laid a 
narrow zone of flood plain deposits over it. 
DRAINAGE:-
The eastern part of the area is drained by Yamuna river 
which are prenial entrenched meandering stream. Yamuna is 
however, braided also. Besides these, numerous small drains, 
nala and distributries flow over the area. Agra and Gurgaon 
canals are the important canals of the area which receive 
effluents of industries and domestic waste and finally drains 
into Yamuna river. 
Chansa distributary covers a large part of south-eastern 
area and is helpful in irrigation. The southern part of the 
area is drained by small distributaries that join Agra and 
Gurgaon canal. The important distributai i e.- are Rampur 
distributary, Ballabgarh distributary and Sikri distributary. 
Tilpat drain originates from the ridges north of 
Faridabad and flows into Yamuna from wesc. Bhuriya nala 
appears to be branching of from the Hindon river and flows 
into Yamuna river. In the eastern part, abandoned channel 
could be seen near Chirsi and Arwa village. Yamuna flows in 
general in southerly direction but gradually turns to flow 
0 
in a south-south eastward direction between latitude 28 35' 
0 
and 28 25'N. In this strech it is highly braided and shows 
't 
profuse development of anastomising channls. 
The braided nature of the river is indicated by : 
a. Abundance of anastomising channels around Chansa. 
b. E^resence of numerous point bars, channel bars in the entire 
stretch of the area. 
The drainage history of the area bears record of 
significant channel migration by the Yamuna. This river has 
migrated westward by over 15 kms. 
SOIL AND VEGETATION:-
The surface soil is compact yellow silty caly or sandy 
clay which at certain palces is clcareous in nature. The 
capping soil which is sandy occurs in the western and 
southern part of the area but it become silty in nature in the 
northern part. The western part of the Yamuna flood plain 
shows develoment of light brownish grey silt or sand over the 
surface. Grey silt or sand is incoherent and is confined in 
the vicinity of fluvial features while the light brownish 
grey, silt and clay developed over terrace surfaces which are 
not always flooded. 
The entire area is under cultivation of different crops 
of Rabi, Kharif and hence natural vegetal growth is few and 
sparse. The different type of flora in the area are large 
trees like mango, peepal, neem, accacia, palm -to. 
I6 
CLIMATE AND RAINFALL:-
The area under investigation enjoys a typical semi-arid 
climate with a long and dry hot weather. The summer begins by 
the end of March and continues upto June. During April to June 
the heat is appressive and dust storms of severe intensity are 
common. The area experiences severe cold during Dcember and 
0 
February when the minimum temperature reaches to 4 C. 
The area receives south-west monsoon shower between July 
to September. The area also gets winter showei" in the month of 
December and January. The precipitation of the area is erratic 
and uncertain. The south western monsoon accounts for most of 
the rainfall. The average rainfall varies between 500 mm and 
912 mm. 
l b 
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HYDROGEOLOGY OF THE AREA 
Hydrogeology^ concerned primarily with the mode of 
occurrence, distribution, movement and chemistry of water 
occuring in subsurface in relation to the geological 
environment. The occurrence of water in the subsurface is 
broadly govern by the geological framework. Host of human 
activities involving industrial and agricultural development, 
and the adequate management of land and water resources have 
directly or indirectly resulted in the degradation of 
hydrogeological environment. 
Hydrogeologically the area can be devided into two 
groups: 
(i). Northern industrial and residential area comprising 
basement of Alwar quartzite of Delhi system, 
(ii). Southern rural area occupied by quaternary alluvium. 
Ground water occurs at greater depth in northern 
industrial and residential area whereas in southern rural 
area, ground water occurs at shallow depth. The depth to water 
table vareis between 1.5 m to about 20 m below the land 
surface and goes on increasing towards northern part of the 
area. Ground water is the major source oi' supplies for 
domestic, industrial and agricultural purpose.^. In Faridabad 
district, about 39.1 % area is irregated from canals and 
19 
remaining by ground water. 
The surface water of the area is contribi-ted by Yamuna 
river, Agra and Gurgaon canal. Agra canal starts from the 
barrage over the Yamuna at Okhla and flows southerly on 
Faridabd alluvium. Along the Yamuna river and canal, the depth 
to water level is found at shallow depth which may be 
attributed to recharge from canals and river. 
GROUND WATER RESOURCES AND UTILIZATION:-
Ground water is an important source of water supply 
through out the world. Its use in irrigation, industries, 
municipalities and rural homes continues to increase. The 
utilization of water both surface and subsurface depends upon 
the ground water resources of the area. With t'.e; stablishment 
of industries and rapid increase in population of area, there 
is profound increase in the demand of water supply. The main 
source of water in the area under investigation is ground 
water. The water from Yamuna river and Agra and Gurgaon canal 
is used for irrigation and industrial purposes. 
The area receives rainfall during the south-west monsoon 
period fron July to September. Principal natural recharge 
includes precipitation and Yamuna river. Artificial recharge 
occurs from exess irrigation in southern rural area, seepage 
from canals and water purposely applied to augment ground 
water supply. Because of the high temperature in the area a 
20 
large amount of water is lost through evaporation. 
In the study area the use of ground water along with Agra 
and Gurgaon canal not only ensures steady supply to industries 
and cultivated .fields on time but helps to reduce water 
logging and salinization due to consequent movement of surface 
water. In certain localized area the ground water is highly 
mineralized. 
On account of rapid increase in population and heavy 
concentration of industrial units in Faridabad district, the 
effect of inversion of temperature is very pronounced with 
frequent occurrence of smog in the winter evening and mist in 
the colder morning hours. Due to suspended pollutants in 
atmosphere the rain water often turns acid h.-ij.) turbide and 
subsequently causing water pollution in the natural surface 
drainage system and sub-surface water bodies. 
PREVIOUS WORK:-
Ground water investigation in Faridabad district was 
carried out by Sinha R.R. (G.S.I., 1980-81). Kakar Y.P. et al 
(C.G.W.B., 1982-86) have carried out detailed study on 
hydrogeological investigation in the area. Hydrogeological 
survey conducted by C.G.W.B. shows that the ground water flow 
is towards east and south-east i.e. towards the river Yamuna 
and downstream. 
The water table elevations ranges from 180.10 m to 
204.47 ra above mean sea level during March 1982. Due to 
2i 
excessive ground water abstraction, a ground water trough is 
seen to have developed in the city area around Hardwar Chowk. 
In general the hydraulic gradients are steeper in the areas 
close to quartzite outcrops in the west and north-west. 
Cahttergi G.E., SethD.N., SharmaS.K. (1966-67) have 
studied ground water conditions and brought out changes in 
ground water regime. 
AQUIFER CHARACTERISTICS:-
On the basis of electrical log data of wells constructed 
in and around Faridabad, it is observed that there exists an 
unconfined aquifer group within 40 m to 50 m depth, below 
which the sediments are predominantly clayey with thin 
sand/kankar aquifer zone. The norht-western part of the area 
is indicated by Alwar quartzite of Delhi system. This area 
faces scarcity of ground water . In the south-eastern and west 
of Yamuna river, there lies a thick column of alluvium of 
quaternary period. 
The thickness of alluvium increases away from the 
quartzite outcrop. The alluvium is composed uf silt, sand, 
gravel and kankar in varying proportions, they are river laid 
deposits and are lenticular in shape. The aquifer system lies 
at greater depth in north-western part and at shallow depth in 
alluvium in southern part of the area. 
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ALLUVIUM:-
Rural area of the Faridabad dist-iot lies on 
alluvium of quaternary period which is composed of sand, 
gravel, silt, clay and kankar. Geological study indicates a 
thickening of alluvium from north-west to south-east. Due to 
non-availablity of exploratory borehole data, the precise 
thickness of alluvium in different part of the study area is 
not known. However, based on the exiisting tubewells data, it 
is observed that the alluvium thickness increases from about 
25 meters in the area close to outcrops to over 150 meters in 
the eastern area. 
The quaternary alluvium forms potential aquifer under 
unconfined condition. In deep water aquifers ground water 
occurs under confined condition. Hydrogeological survey 
conducted by C.G.W.B. during the year 1982-86 shows that the 
depth to water table varies from 1.5 m to about 20 m below the 
land surface . 2 to 9 permeable zones were encountered in 
different boreholes with aggregate aquifer thickness ranging 
between 15 m to 40 m. 
QUARTZITE:-
Quartzite unconformably underlies older alluvium of 
quaternary age and occupies the north-western part of the 
study area. The quartzite in the area is fractured, weathered 
and jointed. Weathering has resulted in the formation of semi-
consolidated sand beds which are potential water bearing 
23 
zones. In the study area the maximum water level depth are 
confined to quartzite outcrop. The hydraulic gradients in this 
area are as high as 9.3 meter per kilometer. 
OCCURRENCE OF GROUND WATER:-
Ground water occurs in alluvium and the underlying 
weathered and jointed quartzites. Unconsolidated alluvial 
deposits of quaternary age comprising the principal ground 
water horizons. Alluvial deposits are highly porous and 
permeable because of the presence of sand end kankar. In 
alluvium, sand and silt-kankar form potential aquifer zones, 
which generally occur within 40 meter to 50 meter depth. In 
alluvium and sand dunes, the ground water occur in the 
interstices of the constituent grains, lying within the zone 
of saturation. The ground water under phreatic condition. 
The deposition of alluvial sediments probably took place 
under tropical climate with semi-arid condition, as indicated 
by polynological study. The presence of large nodules of 
kankar at varying depths associated with hard ye]low and 
reddish clay suggests possible periods of subaerial exposures 
above the Yamuna river system under semi-arid to sub-humid 
tropical climate and shallows ground water conditions. Based 
on data about depth to bed rock from tubewell, it is concluded 
that the peneplained ridges continue beneath the quaternary 
alluvium as basement highs and lows are with a general 
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eastward and southward trend in slope. 
In quartzites, ground water occcurs in weathered, jointed 
and fractured horizons. Weathering of quartzite has resulted 
in the formation of semi-consolidated sand bods which are 
potential water bearing zone. Jointed and fractured quartzites 
also contain some recoverable ground water. 
The chemical quality of water from the quaternary aquifer 
varies widely within the same aquifer in short distances. The 
chemical quality of water also varies with depth. Water from 
the deeper aquifer is comparatively less contaminated than the 
water from the shallow aquifer. Water taken from handpump 
shows the high concentration of total dissolved solids ranging 
from 2000 to 5100 ppm. Water samples taken from tubewell which 
are relatively ai« greater depth, shows the low concentration 
of total dissoloved solids ranging from 1000 to 2200 ppm. 
Ground water in the villages along the \aauna river is 
highly contaminated that may be due to the percolation of 
polluted water of Yamuna river in the aquifers. The aquifer 
near the Badkhal lake yields better quality of water. Since no 
detailed exploratory drilling has been carried out in the 
quartzites, the nature and characteristics of water bearing 
zones are not much known. 
YIELD CHARACTERISTICS:-
Yield charateristics of an aquifer depends upon the 
porosity and permeability of the rock formation. There are 
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large number of tubewells in and in the vicinity of Faridabad 
area, constructed for drinking and domestic purposes. These 
tubewell tap water bearing zone within 70 m to 80 m depth and 
yield 22500 L.P.H. to 90,000 L.P.H. for 5 to 10 m of drawdown 
(C.G.W.B., 1982). In general tubewells constructed away from 
the quartzite outcrops have better yield characteristics. 
CHAPTER 
( IV ) 
J.b 
GROUND WATER POLLUTION AND ITS SOURCEI:-.-
Ground water pollution may be defined as the artificially 
induced degradation of natural ground water quality. Pollution 
can impair the use of water and can create hazards to public 
health through toxicity or the spread of diseases. Most 
pollution originates fron the disposal of waste water 
following the use of water for any of a wide variety of 
purposes. Thus a large number of sources and causes can modify 
ground water quality, ranging from septic tanks to irrigated 
agriculture. 
Ground water pollution resulting from land disposal of 
liquid or solid waste has become serious problem not only in 
Faridabad but also in several parts of the country. Water 
pollution is caused by presence of certain organic, inorganic 
and radioactive substances in industrial water present in 
suspended or colloidal forms. In absence of only surface water 
body in the vicinity of industries, the waters are often 
discharged in small channels near the industrial units leading 
to accumulation in small depressions. As a result of 
percolation, parts of these waste reach ground water system 
and causes its degradation. 
In order to minimise the adverse effects of pollution and 
to take remedial measures, it is essential to study the 
mechanism of ground water pollution, the controls on release 
of pollutants and sub-surface movement. 
MECHANISM OF GROUND WATER POLLUTION:-
The mechanism of ground water pollution is very muoh 
different from that of surface water. The effect of surface 
water pollution are evident in a short time due to perceptible 
changes in colour, taste and odour whereas the ground water 
pollution may take place several months, years or decades 
after pollutants are discharged on land. 
Some of the factor which control ground water pollution 
are reactions in the top soil, unsaturated and saturated 
zones, laminar flow of pollutants, effects of viscosity and 
specific gravity of slow movement of pollutants. Wakar (1973) 
has observed that recharge water with pollutants appears to 
maintain a bulb like mass as it moves downward to the lower 
part of the surfacial aquifer and then horizontally through 
the aquifer material to some nearby,discharge point. 
MOVEMENT OF POLLUTANTS IN THE UNSATURATED ZONE:-
When the pollutants move through the unsaturated zone, 
these travel primarily vertically downward frnm the surface 
and the solute undergoes only a small degreu of horizontal 
placement; In the unsaturated zone, the movement of pollutants 
is increased by the effect of following factors, 
(i). The moisture content of- the soil. 
(ii). The hydraulic gradient and hydraulic conductivity, 
(iii). The relative portion of active porespaces which 
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transmit water dead end space that traps? the 
pollutants by restricting the movement of water, 
(iv). The climate of the region. 
It takes considerable time for solute to percolate 
through the zone of aeration. As soon as the pollutant reaches 
the saturated zone, it usually spreads out laterally and moves 
in the direction of ground water flow. 
MOVEMENT OF POLLUTANTS IN THE SATURATED ZONE:-
The pollutants in the saturated zone either floated on 
the top of the aquifer at the water table or these move 
into aquifer if contaminated water is buoyant. The important 
factors that effect movement of pollutants in the saturated 
zones are: 
a). DISPERSION:-
Apart from density differences causing mixing of 
pollutants in the aquifer, dispersion also plays an important 
role in mixing pollutants in the aquifer system. Molecular 
diffusion results in mixing of two adjacent miscible 
liquids even if there is no flow. In case of mechanical 
dispersion, the spreading is caused by velocity variation 
and is higher than molecular dispersion. 
CONVECTION:-
It is the process by which pollutants transfer by water 
moving with the same velocity and direction ab pollutants. The 
convection motion of a pollutant depends on the ground water 
flow field, which in turn depends on the piezometric head 
distribution, hydraulic conductivity and the boundary 
conditions. 
SOURCE OF POLLUTANTS:-
Ground water, in its percolation through soil and rocks, 
leaches out soluble salts. The vulnerability of ground water 
to contamination is determined by t he hydi'ilogical setting 
of the aquifer, the nature of the contaminant and the 
effectiveness of regulatory action. Of all the activities of 
man that influence the quality of ground watei, agriculture is 
probably the most important, as a diffuse source of pollution 
from fertilizers, pesticides, and animal wastes. Industrial 
wastes include a wide spectrum of materials from all types of 
industry and contain many organic and inorganic chemicals 
which are potential pollutants. 
Septic tanks and cesspools contribute filtered sewage 
effluent directly to the ground, and are the most frequently 
reported source of ground water contamination especially in 
rural and sub-urban areas. In agricultural areas sewage that 
has not been treated sprayed on the land surface in order to 
enhance the productivity of crops. However, the waste water or 
sludge can add to the contamination of ground water. 
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Every human activity results in the generation of some 
water pollutants and vary in wide range from activity to 
activity. In Faridabad area, ground water pollution is taking 
palce due to the following causes. 
1. Agricultural activities 
2. Industrial waste 
3. Domestic waste 
GROUND WATER POLLUTION DUE TO AGRICULTURAL ACTIVITIES:-
Among the agricultural sources of pollutants, the common 
sources are (a) fertilizers (b) pesticides (c) irrigation with 
waste water (d) farm animal waste 
(a). FERTILIZERS:-
In recent year there has been remarkable increase in the 
use of fertilizers in order to enhance the agricultural 
production. The fertilizer consumption in Far'dabad district 
during 1984-85 was 8575 tons for nitrogenous, 1658 tons for 
potash and for phosphatic fertilizers with a total of 10,570 
tons (statistical abstract, 1985). 
Extensive use of fertilizer has created a serious problem 
of ground water pollution. Generally the main constituents of 
fertilizers are nitrogen, potassium and phosphorous. Majority 
of nitrogen in commercial fertilizers is synthetic ammonia or 
one of its derivatives such as ammonium nitrate and ammonium 
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sulphate. 
Potassium in the form of fertilizer is extensively used 
in the agricultural areas of Faridabad. On addition of 
potassium fertilizers to the soil, the concentration of 
potassium in the soil increases as a result of which the 
equilibrium conditions between the various phases are 
affected. Several factors such as pH, nature of clayB, 
moisture content of the soil, organic matter etc. also control 
the amount of potassium in the soil. 
Phosphate is a wide spread pollutant from agriculture. 
The adverse effects of phosphate on ground water are less due 
to the fact that soil tends to immobilise pp-'^phate due to 
adsorption, isomorphous replacement and double decomposition 
reactions. The variables which control the reactions of 
phosphate in soil are pH of the soil, solubility of the soil, 
solubility of fertilizers, presence of calcareous materials 
and water management practices. 
There are distinct variations in geochemical behaviour of 
potassium, phosphate and nitrogen in the soil and unsaturated 
zone. Potassium ions undergo base exchange reaction. Phosphate 
ions are most resistant to leaching whereas nitrogen ions have 
tendency to leached and are partly lost by denitrification. 
(b).PESTICIDES:-
Pesticides are the worst enemy of man on c.iis planet. Use 
of pesticides in agriculture creates a serious problem of 
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ground water pollution. Pesticides are the persistant 
pollutants obtained during interaction of lithosphere and 
biosphere. The impact of pesticides on ground water quality 
depends on the properties of the pesticides residue, rainfall 
and soil characteristics. Generally most pesticides are 
soluble in water whereas others readily adsorbed by soil 
particles. They are cumulative poisons in the body, and 
usually accumulate in the food chain^nd hence are hazardous. 
Pesticides like DDT changes fertility of mammals. Pesticides 
thus pose an alarming problem for mankind. 
There are 'three main classes of pesticides namely 
herbicides, insecticides and fungicides. Herbicides are the 
chemials used for killing the plants. Some herbicides like 
sodium chlorate, sulphuric acid and sodium arsenite are non-
selective and kills all plants. Selective herbicides such as 
ferous sulphate kills only certain types of plants. 
Insecticides are used in agriculture for killing the insects 
living on the crops. Insecticides are generlly classified as 
contact poison, stomach poison and fumigant:-' Fungicides are 
used to eradicate and prevent fungal disease of plants. Soaie 
important fungicides are sulphur, formaldehyde, lime and 
several dinitro-compounds. 
USE OF PESTICIDES IN THE AREA; ITS EFFECT ON HUMAN HEALTH:-
Agricultural activities are extensive in the rural areas 
that lies in the south east and south west of Faridabad. 
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Farmers use large quantity of pesticides in order to prevent 
the crops from fungal disease and eradicate i.he undesirable 
plants grown in the crops, hence increase the agricultui-al 
production. High concentration of pesticides cause adverse 
effect on community healtn. Each year some persons die because 
of the effect of pesticides. 
The main problem associated with pesticides application 
is the presence of pesticide residue. These residues are 
formed from the main pesticides. For instance DDT is used to 
kill pests and serve the crops. DDT degrades to DDE which is 
more injurious to health in comparison to DDT. As the 
pesticides residue ramain in biosphere and lithospher for more 
than 30 years even if we stop using of these pesticides, 
long term effects that might occur could be related to 
carcinogenic (ability to produce cancer), mutagenic (ability 
to produce mutation) and tetratogenic (ability to produce 
congenital in utero-malformation). 
It has been found that the large quantity of DDT, 
deldrin, alderin mirex and heptachlor are all capable of 
inducing tumor including malignant tumor. 
(c). IRRIGATION WITH WASTE WATER:-
In south eastern rural area the waste water from Agra 
canal is used for irrigation. The waste water of Gauchi 
drain is being utilized for irrigation in south western rural 
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area. The waste water in the area is contributed by chemical 
firms, food and beverage industry, paper industry, textile and 
electric material industries etc. These waste water contain 
high concentration of heavy metals, organic matter and other 
toxic substances-. The concentration of total dissolved solid 
of waste water is very high, therefore, when used for 
irrigation makes the soil saline. Percolation of these water 
into ground water through the saline soil causes deterioration 
of ground water quality. 
(d). FARM ANIMAL WASTES:-
Farm animal waste is another source of ground water 
pollution in the study area. Animal waste is used as 
fertilizer in agricultural area of Faridabad. The nature and 
amount of waste product depend on the types of animal and its 
diet. Most of the animal consist of undijested foods largely 
fibre and cellulose. Animal wastes may transport salts, 
organic loads, and bacteria into the soil. When animal wastes 
are permitted to enter water supplies, it poses serious 
problem in water pollution. Nitrate-nitrogen is the most 
important persistent pollutant that may reach che water table. 
GROUHD WATER POLLUTION DUE TO INDUSTRIAL WASTES:-
Untreated or partially treated industrial effluents are 
the major source of surface and subsurface water pollution in 
the area. Industrial waters are often discharged near the 
factories which percolates into the ground water system. Food 
processing wastes from meat, dairy and sugar-beet processing 
as well as brewing, distilling and canning operations generate 
large amount of organic by-products that have been disposed 
off in waste water. When the wastes water is discharged along 
with this by-products, it leads to high BOD and a consequent 
oxygen depletion in the receiving water via the same bacterial 
processes involved in the decomposition of domestic waste. 
There are large number of metal industries in the study 
area that keep a wide array of contaminants in their waste 
water. The specific contaminants and concentration depends on 
the particular manufacturing process employed. For instance 
steel mills contaminate water in the coking of coal, the 
pickling of steel and the washing of flue glasses from blast 
furnaces. These waters after use, tend to be acidic and have 
various substances like phenol, cyanogen, ore coke and fine 
suspended solids. 
The effluents released from pulp and paper processing 
operations have been a mixture of various chemicals which have 
been toxic to fish. This effluent has been brownish in colour 
and lowers the photosynthetic rate of aquatic communities by 
hindering sunlight percolation into the waLer column. The 
organic waste from these plants increases the BOD of the 
receiving water and further lowers oxygen levels. Percolation 
of these wastes into the ground water causes degradation in 
the quality of ground water. 
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The industrial waste water can be broadly classified as 
non-fermentable inorganics, fermentable organics and toxic 
wastes. The effluents discharged by metal industries, steel 
mills, machine tool factories are non-fermentable wastes and 
are generally characterised by low pH and high concentration 
of trace•elements. Food packing industries, tanneries, meat 
packing plants mostly discharge fermentable wastes. The toxic 
effluents are discharged by electroplating units, dyeing and 
chemical industries, tanneries, and factories manufacturing 
insecticides. 
Various parameters that have potential for ground water 
pollution and are associated with waste water discharged by 
different major industries are given in table 1. 
GROUND WATER POLLUTION DUE TO DOMESTIC WASTES:-
Domestic water includes waste water from homes and 
commercial establishments. The domestic wastes in the study 
area are organic in nature and gets oxidised by bacterial 
decomposition to nitrate, phosphate, carbondioxide and water. 
Most of the population of the area is domiciled in buildings 
connected to sewage-treatment system. After the minimal 
treatment, this material is release into the water ways, 
lakes, river and are finally reaches to ground water. 
The disposal of solid domestic wastes poses many problems 
depending upon both, the type of waste and disposal method 
employed. Hundreds of tons of garbage and rubbish are thrown 
in depressions in Faridabad town alone. Afte decomposition, 
these materials are dissolved and become suspended in rain 
water percolating into ground and thus into subsurface 
aquifers. This tends to contaminate not only ground water but 
also surface water. 
In a landfill biochemical decay of the organic material 
results in evolution of gases and liquids. The chemical 
oxidation of material also tends to occur. The liquid products 
as well as extruded moisture tends to flow due to differential 
head. The dissolved material tends to move due to 
concentration gradient and osmosis. Among the major products 
of anaerobic breakdown of refuse are methane, carbon dioxide, 
organic chemicals having putrid odour, BOD, .mJ COD content. 
Thus the organic and moisture content of domestic solid waste 
results in extensive pollution of the ground water. 
CONTROL OF GROUND WATER POLLUTION 
The .pollution control measures vary with the industries 
and hydrogeological conditions , prevalent in the area. In 
general, the following measures can be useful in controlling 
ground water pollution. 
1. Waste Water Treatment:-
A wide variety of methods are used in advanced waste 
treatment. The most common methods used for industrial 
effluents include: chemical coagulation and filtration, carbon 
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adsorption, chemical oxidation, air stripping, biological 
treatment, electrodialysis and reverse osmosis. 
2. Manipulation of Sub-surface Gradient by Injection or 
Withdrawl:-
Ground water pollution can be decreased by manipulation 
of subsurface gradient by injection or withdrawl of water. 
Various well systems include; well point systems, deep well 
systems, pressure ridge systems, combined systems and 
immiscible contaminant recover systems. 
The basic objective in these systems is plume manaijfe 
which is achieved by designing well systems to control 
movement of water phase directly and contaminants indirectly. 
Well systems are also used for recovery of immiscible 
pollutants such as hydro-carbons which floats on the water 
table. 
3. Source Control Measures:-
Various control measures can minimise or prevent ground 
water pollution before the pollution process starts. The basic 
objectives are to reduce the volume of waste or cause 
physical/chemical alteration in the waste characteristics. 
Various volume reduction measures include recycling, 
filtration, resource recovery, sand drying, chemical fixation, 
degradation, detoxication, regregation and circulation of 
leachate. 
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4. Surface Water Control by Capping and Liners;-
Surface water control measures reduce potential 
infiltration by minimising the amount of surface water flowing 
into a site. Capping is designed to minimise the infiltration 
of surface water or direct precipitation. Impermeable linears 
provide ground water protection by inhibiting downward flow of 
leachate and attentuating pollutants by adsorption process. 
5. Impermeable Barriers:-
Highly toxic pollutants in ground water can by isolated 
by use of barriers such as steel sheet piles, grout curtains 
and slurry walls. Barriers are designed to influence the 
subsurface gradient by placing a low permeability material 
into the subsurface. Sheet piles provide immediate 
impermeability while grouts and slurries are emulsions that 
require a hardening period to achieve permeability. 
6. In-Situ Treatment:-
The in-situ treatment can be chemical or biological 
treatment. These methods involve addition of materials to the 
subsurface so as to increase the rate of reaction that may 
remove or immobilise the contaminants. Chemical technologies 
attempt to immobilise contaminants through chemical reactions 
whereas biological techniques are designed to utilise 
contaminants as food source by micro-organism. In India waste 
water treatment technology is being utilisf-d that too by 
selected industries. 
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NUMBER OF WORKING INDUSTRIES IN FARIDABAD 
(Labour Commission Haryana, 1984) 
1. Food Products : 27 
2. Beverage, Tobacco and Tobacco Products : 2 
3. Cotton Textiles : 98 
4. Wool, Silk and Synthetic Fibre : 14 
5. Textile Products : 18 
6. Wood and Wood Products etc. : 19 
7. Paper and Paper Products : 43 
8. Leather and Leather Products : 7 
9. Rubber, Plastics and Petroleum Products : 62 
10. Chemical and Chemical Products : 75 
11. Non-Metallic Mineral Products : 97 
12. Basic Metals and Alloys Industries . : 135 
13. Metal Products and Parts : 109 
14. Machinery and Machinery Tools : 208 
15. Electrical Machinery Apparatus and Appliances : 90 
16. Transport Equipment and Parts : 53 
17. Other Manufacturing Industries : 14 
18. Electricity : 4 
19. Gas and Steam : 9 
20. Storage and Ware housing : 1 
21. Education Scientific and Research Service!: : 1. 
22. Repair Services : 14 
Total : 1050 
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TABLE 1 
INDUSTRIAL WASTE WATER PARAMETERS WITH SIGNIFICANT GROUND 
WATER POLLUTION POTENTIAL 
Units Parameters having ground water 
pollution potential 
1. Pulp and paper 
2. Steel Industries 
3. Petroleum Refining 
4. Organic Chemicals 
Industry 
5. Inorganic Chemicals 
Alkalies Chlorine 
Industry 
6. Plastic Materials and 
Synthetic Industry 
7. Nitrogen Fertilizer 
Industry 
8. Phosphate Fertilizer 
Industry 
9. Electroplating 
phenols, colour, sulphite, nitrogen 
heavy metals, phosphorous, TDS. 
cyanide, phenols, iron, tin, zinc, 
chromium. 
colour, copper, 'jhloride, cyanide, 
iron, lead, zinc, nitrogen, odour 
phosphorous, sulphate, turbidity. 
phosphorous, heavy metals, phenols, 
cyanide, nitrogen. 
chlorinated benzenoids and polynuclear 
aromatics, phenols, fluoride, mercury 
phosphorous, cyanide, titanium, lead, 
copper, aluminium, boron, arsenic. 
nitrate, phosphorous, organic nitrogen, 
chlorinated benzenoids and polynuclear 
aromatics, ammonie., cyanide, zinc. 
sulphate, organic nitrogen compounds, 
zinc, calcium, COD, iron, pH, sodium, 
phosphate. 
acidity, aluminium, arsenic, mercury, 
iron, nitrogen, sulphate, uranium, 
fluoride, cadmium. 
cyanide, chromium, nickel, copper, iron 
cadmium. 
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CHAPTER 
( V ) 
HYDROCHEMISTRY 
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Hater is one of our basic natural resource's. Water is t.he 
only substance on the earth that appears in three distinct 
forms of matter within the normal range of the climatic 
condition. Understanding of the quality of water is useful for 
evaluating its usuability in domestic, agricultural and 
industrial water supply. Suitability of wat^r for various 
purposes is based on chemical and biological character of the 
water. 
COLLECTION OF WATER SAMPLES:-
The objective of sampling is to collect a portion of 
material small enough in volume to be transported conveniently 
and handled in the laboratory while still accurately 
representing the material being sampled. The sample should be 
handled in such a way that no significant changes in 
composition occur before the tests are made. 
The samples are collected in a clean and sterilized 
bottles. The bottle can be sterilized by washing them with 
cone. HNo3 or sulphuric acid, which should be completely 
removed during washing with distilled water. Sample lebels 
are used to prevent sample misidentification. The sample label 
includes the information like sample number, name of the 
collector, date and time and place of collection. In the study 
area the samples are collected from handpipe, tubewell, river. 
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lake, effluents of industries, canal and small drains. 
PRECAUTIONS:-
There are various factor such as presence of suspended 
matter, the method choosen for its removal and the physical 
and chemical changes brought about by storage or aeration, 
which effect the analytical results. So to avoid the errors in 
the results, following precautions should be made before 
collecting the sample. 
1. Sample should be collected from wells only after the well 
has been pumped sufficiently to ensure that the sample 
represents the ground water source. 
2. When samples are collected from river or streams, it 
should .be collected from 50-60 cm below the surface In 
order to avoid surface impurites. 
3. Before collecting the sample from handpipe, sufficient 
water should be pumped. 
4. Excessive turbulence area should be avoided because of 
potential loss of volatile constituents and of potential 
presence of toxic vapour. 
Special precautions are necessary for samples 
containing organic compounds and trace metals. Because many 
constituents may be present at concentrations of microgram per 
litre, they may be totally or partially lost if proper 
sampling and procedures are not followed. 
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PRESERVATION OF WATER SAMPLES:-
Complete preservation of water samples is practically 
impossible. Regardless of the nature of the sample, complete 
stability for every constituents can never be achieved. Sample 
preservation technique only retard chemical and biological 
changes that continue after sample collection. 
To minimise the potential for volatization or 
biodegradation between sampling and analysis, the sample 
should be kept as cool as possible without freezing. If the 
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immediate analysis is not possible, storage at 4 C is 
recommended for most samples. Preservation methods are limited 
to pH control, chemical addition, the use of amber and opaque 
bottles, refrigeration, filtration and freezing. Methods of 
preservation are limited and are us.ed to (i) retard 
hydrolysis of che,mical compounds (ii) retard oiological action 
(iii) reduce volatility of constituents. Table 2 lists the 
preservation method by constituent. 
SOIL SAMPLING PROCEDURE:-
For the collection of soil sample, canvas bags of one kg. 
capacity is generally used. A trenching spade is convenient 
tool for sampling surface soils. Soils shorid be free of 
moisture before storing for long period of time. To make the 
soil free of moisture, it should be kept in an oven at a 
temperature of 120 degree C for ten hours. 
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PRECAUTIONS:-
Eiefore collecting soil samples, following precautions 
should be taken into account, 
(i) Areas where soils showed clear stratification, sample 
should be taken from different layers, 
(ii) In the absence of distinct stratification, sample should 
be taken to a depth of 6-7 inches, 
(iii) Soil sample taken for the determination of salinity 
and' alkalinity should be compositted to deduce t.he 
analytical work, 
(iv) Dried soil samples are' powdered in centrifugal ball 
mill and the required amount of powder is packed 
in polythene packs. 
METHOD FOR THE PREPARATION OF SOIL SOLUTION:-
For the determination of silica and alumina in a soil, 1 
gram of sample powder is taken and decomposed by fusion with 
NaoH pellets for five minutes in a nickel crucible and later 
some distilled water is added and allowed to stand overnight 
till the melt disintegrated completely. The solution is 
acidified with 20 ml of HCl in a one litre flask. 
For the determination of trace elements, .5 gram sample 
powder is taken in tiflon bomb. .4 ml HE and .5 ml auqa regia 
( HCl & HNo3, 1:3) are added to it and teflon bomb then kept 
in oven at 110 degree C for at least 50 minutes. The solution 
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is cooled at room temperature and 2 gram of Boric acid is 
added. It is heated again slowly at low temperature. The 
solution is then transferred in 100 ml flask and diluted with 
distilled water and stored in a bottle. The procedure of soil 
analysis is similar to that of the analysis of water. 
TECHNIQUES USED FOR THE DETERMINATION OF ELEMENTS:-
Volumetric methods were used for the determination of all 
major ions except sodium and potassium. Sodium and potassium 
were analysed with the help of Flame Photometer. Trace elemnts 
are analysed by Portable Digital Voltameter 2000 and 
Spectrophotometer. 
VOLUMETRIC METHODS:-
Volumetric methods are classified -into four groups 
involving (i) acid-base titration (ii) redox reactions (iii) 
precipitation method (iv) complexometric technique. The simple 
acid-base titration is used for ascertaining the acidity or 
alkalinity of water sample. The precipitation titration has 
wide ranging applications in water analysis e.g. Uie 
determination of the dissolved chloride. The complexometric 
titration has maximum utility in pollution analysis e.g. the 
hardness of water can be determined by the titration of 
calcium or magnesium wiht EDTA. 
The Winkler's method with redox titration is considered 
to be the best and most reliable method for analysis of DO, 
BOD, and COD. 
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Argentometric method is generally used for the 
determination of chloride in relatively clear waters when 
chloride concentration ranges between 0.15 to 10.0 mg in the 
portion titrated. This method is based on the principle ttiat 
in a neutral or slightly alkaline solution , potassium 
chromate can indicate the end point of the silver nitrate 
titration of chloride. Silver chloride is precipitated 
quantitatively red silver chromate is formed. 
FLAME PHOTOMETER:-
The principle of flame photometry rests on the fact that 
salts of metals when introduced under c&re^ully controlled 
condition into a suitable flame are evaporized and exited to 
emit radiations that are characteristics for each elements. 
In this method solution of sample is atomized and sprayed into 
a burner. The intensity of the light emitted by a particular 
spectral line is measured with the help of photoelectric cell 
and galvanometer. Sodium and Potassium are determined by this 
method. 
SPECTROPHOTOMETER:-
Photometry "refers to the measurement of the light 
transmitting power of a solution in order to determine the 
concentration of light absorbing substances present within. 
Photometry can be applied to measure the transmission of 
t^9 
energy in the ultraviolet, infrared, and visible regions of 
the radiant energy spectrum. 
In spectrophotometer, monochromatic liglit is passed 
through an absorbing column of an often coloured solution of 
a fixed depth and directed upon photosensitive device which 
converts the radiant energy into electrical energy. The 
current produced under these conditions is measured by means 
of a sensitive Voltmeter. 
Absorption measured in photometer involves not only the 
absorbance of the solute in the solution but also all the 
molecules of the liquid through which the light passes. The 
greater the number of molecules or ions of absorbing substance 
present, the greater is the absorption of light. [n other 
words, the more the colour, the greater is the deflection of 
the voltmeter. Thus the concentration of absorbing component 
present in a solutions may be accurately measured by 
spectrophotometer. 
PORTABLE DIGITAL VOLTAMETER 2000:-
The Portable Digital Voltameter (PDV) is an analytical 
instrument capable of low level analysis of many metals in the 
laboratory or field. The technique of anodic stripping 
voltammetry is infact, a fotm of electroplating on small 
scale. Metals are first plated onto an electrode from a liquid 
and then , during the subsequent stripping stage, the 
01] 
deposited metals are re-oxidized or stripped back into 
solution, each metal at its own characteristics potential. The 
small amount of current generated as each metal oxidizes is 
measured and correlated with the concentration of metal in the 
original solution. 
With the help of this instrument Cd, Pb, and Cu can be 
detected simultaneously and their concentrations are recorded 
in a single run. These elements and other such an zinc, 
Thallium, Antimony, Tin, and Bismuth are depoisited onto, and 
stripped from a mercury film plated onto '?. glassy carbon 
electrode. Concentration down to one part per billion in the 
cell solution can be detected. For those elements such as 
mercury (Hg), silver (Ag), and gold (Au) which do not allow a 
mercury film to be used on the electrode, surface, a lower 
detection limit of 50 ppb in the cell solution is appropriate. 
DETERMINATION OF pH AND E.G. WITH WATER ANALYSIS KIT:-
HYDROGEN ION CONCENTRATION (pH):-
Measurement of pH is one of the most important and 
frequently used test in water chemistry. Measurement of pH 
with this instrument is accomplished by dotermining the 
potential developed by electrode. It is a measure of acidity 
or alkalinity of a substance. 
^ l 
PROCEDURE:-
The pH electrode is connected to the input socket at the 
front of the strument. Electrode is cleaned with distilled 
water and dipped in the 4.00 pH buffer solution which is 
supplied with the instrument. After measuring the temperature 
of the buffer solution, temperature knob is fixed at the 
temperature of the solution. After p\ishing the pH switch, 
with the help of CAL knob, the display to 4.00 pH is adjustf.n| , 
Now the instrument is calibrated. 
The electrode is washed, dried and dipped in the solution 
whose pH is to be measured. After keeping the temperature at 
the proper position, reading gf pH can be noted. 
ELECTRICAL CONDUCTIVITY (E.C.):-
Conductivity is a measure of the ability of an aqueous 
solution to carry an electric current. This ability depends on 
the presence of ions, their total concentration, mobility, and 
valence and on the temperature of measurements. 
PROCEDURE:-
The conductivity cell is connected to the input socket 
for conductivity. The cell is dipped in 0.1 KCl solution whose 
specific conductivity is known, after pushing the conductivity 
switch, conductivity range is adjusted at 200 ra moho position. 
After measuring the temperature of the solution reading is 
r j ^ 
adjusted with the help of CAL knob as per the chart supplied 
with the instrument. Now instrument is calibrated 
Conductivity cell is washed with distilled water and 
dippped in the unknown solution. It will give direct reading 
after selecting the proper range. 
CHEMICAL CHARACTERISTICS:-
The hydrochemical data of water samples collected from 
surface and subsurface water bodies is given in table 5.. The 
entire chemical analysis data has been summarised in the form 
of average values of major constituents in dofferent E.C. 
ranges and is given in table 3. The changes occurring in 
average values of various chemical constituents with respect 
ot E.C. in water of different parts of Faridabad are depicted 
in figure 7 and 8. The chemical behaviour of different major 
ions is given in figure 6. 
From table 3 and figure 7 and 8, the following 
observation about quality of water can be made, 
i). In the E.C. ranges upto 4500 micro-seimen/cm, there is an 
increase in bicarbonate ions with increase in E.C. After 
these ranges bicarbonate ions decrease with increase in 
E.C. which can be attributed to procipitation of 
carbonate bearing minerals, 
ii). Calcium ions in comparison to magnesium ions present to a 
higher extent. In general both the ions increases 
with increase in salinity. 
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iii). In low E.G. ranges the concentration of total hardness 
is predominant. With increase of salinity, there is 
increase in average value of total hardness. 
iv). There is a rapid increase in the average value of 
chloride ions with increase in E.G.. Ghloride ions are 
the major contribution to the salinity 
v). Sodium ions are the predominant cation that may be due 
to leaching from sodium bearing minerals or due to 
clays as a result of ion-exchange reaction. Potassium 
ions are present in low concentrations. 
nTSTRTRHTinN OF MAJOR IQHS 
HYDROGEN ION CONCENTRATION (pH):-
The pH value of the water represents the concentration of 
hydrogen ion and is a measure of acidity and alkalinity of 
water. In other words hydrogen ion concentration in water is 
the logarithmic reciprocal of their weights measured in grains 
per litre of water. The pH value of acidic water varies from 
0-7 and that of alkaline water between 7-14, while neutral 
water has a pH value of 7.0 . Generally the fresh water has a 
pH value of 6-8 . 
The pH value of water in the area are in the range of 
5.23 to 8.23 averaging 7.1 . The samples collected from 
effluents of industries were found to be acidic in nature. 
[J . 
The areas where higher value of pH is obser-ed are Jawahar 
colony, Dabua colony and Chandpur. The value of pH are within 
the permissible limit for domestic use. 
ELECTRICAL CONDUCTIVITY (E.C.):-
Electrical conductivity is a measurement of the capacity 
of water to pass electric current and is directly related to 
the concentration of ionised substance in water. Electrical 
conductivity gives an idea about extent of mineralisation and 
is indicative of the salinity of ground water. Ground water in 
the study area is characterised by high mineralisation except 
few places. The values of E.G. ranges between 1030 and 6500 
micro seimen/ cm at 25 degree C. 
The ground water around Jawahar colony and Chandpur 
village is highly saline with E.G. values of 4900 and 5440 
micro seimen/cm respectively. The highest value of E.G. ( 6500 
micro seimen/cm ) has been observed in the water sample taken 
from sewage plant Gurgaon. 
TOTAL DISSOLVED SOLIDS (TDS):-
Total quantity of chemical constituents j.resent in water 
is called total dissolved solid. TDS is an important criteria 
which measures the suitability of water for irrigation. The 
permissible limit of total dissolved solid prescribed by 
I.C.M.R., 1975 is between 500 to 1500 ppm. All samples in the 
13,) 
area except few analysed were found to have t lu; oonc en tr at: i (Ui 
of TDS more than 1500 ppm. The values ranges between 700 und 
5600 ppm with an average of 2896.77 ppm. 
The higher concentration is recorded from Punjabi colony, 
Jawahar colony, Mujessar Jhuggi colony, Chandpur and Rajiv 
colony. Water with high concentration of TDS is generally 
pellatable, may not quench thirst and may have laxative 
effect on people. 
TOTAL HARDNESS:-
Hardness of water is related to its capacity to produce 
leather from soap . The hardness is caused by the presence of 
carbonates of calcium and magnesium, and chloride and sulphate 
of calcium and magnesium. Water has been classified as hard or 
soft according to their action on the soap. The; less amount of 
soap is consumed to produce leather, the softer the water. On 
the basis of hardness, water is classified as follows; 
1. less than 50 ppm : soft 
2. 50 to 100 ppm : moderately soft 
3. 100 to 150 ppm : slightly hard 
4. 150 to 250 ppm- : moderately hard 
5. 250 to 350 ppm : hard 
6. more than 350 ppm : excessively liard 
The hardness in the study area varies from 50 to 645 
5^i 
mg/1. For drinking water, I.S.I. (1983) has prescribed total 
hardness of 300 mg/l as desirable limit and 600 mg/1 as 
permissible limit. In general the water of the area is 
moderately hard. In most of the sample , hardness is below the 
desirable limit. The sample collected from sewage plant 
Gurgaon shows the maximum concentration of hardness (645 ppm) 
which exceeds the permissible limit for drinking purpose. 
CHLORIDE (Cl):-
The major sources of chloride in ground water are (i) 
seepage from sewage, industrial effluents (ii) chloride 
brought down by rainfall . High concentration in water is not 
known to have toxic effect on man though large amount effect 
corrosively on matal pipes and be harmful.to plant life. The 
chloride concentration in the study area is rcinging from 44.73 
ppm to 1012.7 ppm. 
High concentration of chloride is confined to the ground 
water of Dabua colony, Jawahar colony and Punjabi colony. In 
the rural area the chloride concentration is comparatively 
less. I.S.I. (1983) has prescribed highest desirable limit of 
250 ppm and maximum permissible limit of 1000 ppm in drinking 
water supply. In almost all the sample, the chloride 
concentrations are within the permissible limit except in 
the sample collected from Jawahar colony. 
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CALCIUM (Ca):-
The important sources of calcium in ground water of the 
study area are (i) rain water (ii) leaching from fertilizers 
and soil amendment (iii) weathering of calcium silicate 
minerals (iv) use of surface water far irrigation. The 
concentration of calcium ranges from 28.01) ppm to 400.8 ppm. 
The maximum desirable limit of calcium in drinking water is 75 
ppm and maximum permissible limit is 200 ppm (ISI, 1983). 
The concentration of calcium in the area is mostly less 
than 200 ppm. The places where higher concentrations of calcium 
have been observed are Punjabi colony, Mujessar Jhuggi colony, 
Agra canal sector 9, Hariom Engineering works and sewage plant 
Gurgaon. Calcium is an essential constituents for human body. 
The low content of calcium may cause rickets and defective 
teeth. It is essential for nervous system, cardiac functions 
and in coagulation of blood. 
MAGNESIUM (Mg) :-
The concentration of magnesium in ground water is less 
than calcium possibly due to lesser occurrence of magnesium 
mineral. The magnesium concentration in the area ranges from 
1.22 ppm to 192.5 ppm. The permissible limit of magnesium for 
drinking purpose varies from 50 to 200 ppm (W.H.O., 1975). In 
the study area the magnesium concentration is below the 
desirable limit in most of the water sample^ other sample 
^,0 
shows the concentration within the maximum permissible limit. 
Magnesium is an essential nutrient for human body with 
an average adult requirement of 200 - 300 mg/day. Magnesium 
deficiency may cause severe diarrhoea, chronic renal failure 
and protein-caloric malnutrition (W.H.O., 1973). 
BICARBONATE (HC83):-
The range of bicarbonate concentration in the area is 
24.2 to 256.2 ppm. The maximum concentration is observed in 
the ground water of Jawahar colony. The main source of 
bicarbonate in ground water includes: (i) carbon dioxide in 
the soil (ii) leaching from carbonaceous rock (iii) carbon 
dioxide in the atmosphere (iv) carbon dioxide released due to 
bacterial oxidation of organic matter. 
SODIUM (Na) :-
The most important water quality aspect of sodium is the 
possibility of changing the permeability of soil. The 
concentration of sodium in the area is high in water samples 
at several areas such as Jawahar colony, New Janta colohy, 
Punjabi colony and near Mohit timber mujessar, where the 
values are more than 200 ppm. sodium concentration in drinking 
water supply around 200 ppm may be harmful to a person 
suffering from cardiac and renal diseases pertaining to 
circulatory system. 
The important sources of sodium in grond water of the 
area are the disposal of sewage and industrial effluents 
containing sodium and the use of surface water for 
irrigation. 
POTASSIUM (K) :-
The concentration of potassium in the area is low, 
ranging between .5 ppm and 72 ppm. The depletion of potassium 
may be as a reslut of reactions with clay minerals. The 
sources of potassium in ground water are rain water, use of 
potash fertilizer and use of surface water for irrigation. The 
high levels of potassium at some places are due to extensive 
use of potash fertilizers. 
SODIUM ADSORPTION-RATIO (SAR):-
Relative proportion of sodium to calcium and magnesium is 
expressed as Sodium Adsorption Ratio (SAR). 
Na 
SAR = 
\/ (Ca + Mg)/2 
The TDS, expressed in terms of E.G. and Sodium Adsorption 
Ratio form the basis of a classification of water for 
irrigation purposes (Fig. 5). The salinity hazard increases as 
the soils become finer grained and aridity increases resulting 
in the concentration of salts in the soil that may require 
b ( ) 
periodical leaching. Excessive sodium content in water renders 
it unsuitable for soils containing exchangeable calcium and 
magnesium. In Figure 5 most of the samples show very high 
salinity hazard and low alkali hazard. 
DTSTRIBUTinN OF HEAVY METALS AND ITS TOXIC 
EFFECT ON ENVIRQNHKNT 
Heavy metals are those having density more than five 
times higher than that of water. They are usually found in 
trace amount in natural water therefore, they are also 
referred as trace element. The concentration of trace elements 
increases in water due to addition of industrial waste and 
sewage etc. Some of the heavy metals if present within the 
permissible limits are essential for the human system, but 
these can be very harmful if concentrations ar- high. 
Metals such as arsenic, lead, cadmium, mercury and 
selenium are highly toxic even in minoc amount«, The 
hydrochemical data of water and soil samples for heavy metals 
are given in table 6 and table 7 respectively. 
CADMIUM (Cd) :-
Cadmim is one of the rarer elements in nature and occurs 
as its sulphide (CdS) and in association with sulphide ore. 
Cadmium and its compounds are usually present in natural 
I' ' 
waters in very low concentration. The major sources of 
cadmium on land in the study area are efflueiils of industries 
connected with electroplating, copper and nickel alloys, 
paints, nickel-cadmium batteries etc. Apart from these, sewuge 
sludge, fertilizers with cadmium and pesticides containing 
cadmium salts are also sources of cadmium pollution of natural 
waters. 
The concentration of cadmium in the study area ranges 
from .002 ppm to_ .504 ppm. In most of the samples, they are 
within the permissible limit (.01 ppm ISI, 1983), but in the 
areas such as Janta colony, Dabua colony and j'awahar colonny, 
the concentration exceeds the highest desirable limit. Maximum 
concentration (.504 ppm) has been detected from Janta colony. 
Cadmium is not essential element fo_r human body. High 
concentration of cadmium causes adverse effect on human body. 
Renal damage may take place when the concentration is high. 
Hypertension and cardio-vescular diseases has also been 
associated with cadmium (Schrocder ,^965). Cadmium can aleo 
cause atmospheric pollution due to emission of smelters, blast 
furnaces, burning of fossils etc. 
LEAD (Pb) :-
Main sources of lead connected with pollution are 
effluents of industries such as paints, storage batteries, 
printing and dyeing etc., impurities in fertilizers and 
insecticides. Lead salts are used as anti-knocking compounds 
* > 
in fuel for gasoline engine which is a major source of leaci 
pollution in atmospheric environment. 
In the study area lead concentration in ground water are 
generally high with the average value of .192 ppm. ISI (19li3) 
has prescribed a maximum permissible limit of .1 ppm for 
drinking water. Maximum concentration has been observed in 
Dabua colony, Jawahar colony, Badhkal lake and Ballabgarh 
drain. Although lead remains in soil profile as insoluble salt 
or is held up in clays and organic matter, in spite of that 
lead concentration in the ground water of tiie area is high 
which shows enormous lead pollution in the area. 
The high concentration can have harmful effect on humaii 
health. It has adverse effects on the central nervous system, 
blood cells, kidney and may cause brain dajnaga As a result of 
ingestion of lead, there may be loss of appatite, fatigue, 
irritation, headache and vomitting (Stephen, 1972). 
COPPER (Cu) :-
Copper is an essential trace element for human body. The 
daily requirement of copper for an adult is 2 mg/1 (Mc neely 
et al, 1979). The natural sources of copper include the 
weathering of sulphide ores. But the copper concentration in 
ground water are quite low from natural sources. The sources 
of copper that enhance the concentration in water include 
mining waste, industrial effluents from electroplating units. 
textiles, paints, pumping equipments and pesticides. 
The concentration of copper in water of the study aj-ea 
ranges from .006 ppm to 1.828 ppm with an average value of 
0.321 ppm. In the study area copper concentration in water ure 
lower than the prescribed maximum permissible limit (.05 - 1.5 
ppm ISI, 1983). The highest concenrtration of copper (1.828 
ppm ) has been observed in one of the handpipe of Janta colony 
which exceeds the maximum permissible limit for drinking 
water. The comparatively high concentrations (1.24, .428, 
0.578, .422 and .446 ppm ) have been detected from canal 
and ground water near industries indicating effects of 
effluents on ground water. 
Copper has toxic effect on human body if concentration is 
below the desirable limit. High intake may. result in damage to 
the liver. Copper is involved in hemoglobin synthesis, 
connective tissue development and norma function of central 
nervous system. Copper deficiency is linked with anaemia, 
diarrhoea, demineralisation of bone etp. Wilson disease has 
been associated with abnormal copper metabolism. 
ZINC (Zn) :-
Pollution from industrial and agricultural sources to a 
great extent are resposible for high concentration of zinc in 
water. Natural sources of zinc are sulphide and carbonate ore. 
Zinc in ground water to a small extent may l.'e derived from 
natural sources. The sources of atmospheric zinc pollution 
include smelter, iron and steel manufacturing processes, 
combustion of coal and oil etc. 
Zinc concentration in water of the area is below the 
highest desirable limit (5 - 15 ppm ISI, 1983). The value 
ranges from .026 ppm to 2.452 ppm with an average value of 
0.473 ppm. The higher value of zinc as 2.452 ppm has been 
observed in ground water at Sanjay culony Badhkftl. The 
comparatively high values of zinc in ground water both in 
industrial and rural areas can be attributed to industr lal 
effluents and fertilizers. 
Zinc is an essential element for human health. Zinc plays 
an important role in enzymes and many enzymatic functions, 
protein synthesis and carbohydrate metabolism ( Taylor and 
Demayo, 1980 ). It is responsible for cell division and 
growth. Zinc deficiency in human body may results in 
infantilism, impaired wound healing and several other 
diseases. 
IRON (Fe) ;_ 
Iron is a common constituents of soils and rocks and is 
derived from weathering of ferruginous miner3ls of igneous 
rocks and sulphide ores of sedimentary and metamorphic rocks. 
In the study area the major sources of iron in the surface 
and subsurface water are effluents of industries manufacturing 
iron or steel and units in which iron is used as a raw 
material. 
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The concentration of iron in the study area ranges from 
0.04 ppm to 2.892 ppm with an average value of .629 ppm. The 
maximum concentration of iron (2.892 ppm) has been detected 
from the water sample collected from sewage plant Grgaon. In 
most cases, it is less than .5 ppm. Concentrations are 
generally high in the effluents of industries and canal water. 
Iron in ground water has been observed in oo:'iparative Jy hii^ h 
concentration in Dabua colony, Punjabi colony, thermal huusi.-! 
power, Sanjay memorial colony and Escort division sector-8. In 
the ground water of Faridabad, the concentration of iron is 
below the maximum permissible limit (.01 to 1.0 ppm I'M, 
1983). The distribution of iron exceeds the permissible limit 
for drinking purpose in water samples of effluents and canals. 
Iron is essential element for man. It is controlled in 
the human body mostly in the small intestine where both 
absorption and excretion takes place. When iron is present in 
high concentration, it imparts bitter taste and inky flavour. 
MANGANESE (Mn);-
The important natural sources of manganese are soils, 
sedimentary and metamorphic rocks. Water pollution of 
manganese are due to industrial effluents particularly 
industries manufacturing iron and steel. The concentration of 
manganes in ground water is usually low due to geo-cheraical 
controls. It is adsorbed on the clays, organic matter, 
hydrated iron oxides, silicates etc. 
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Manganese concentration in ground watwr of the study art'H 
is generally within the permissible limit prescribed by 131, 
1983 (.1 to .5 ppra). Concentration of manganese is 
comparatively high in effluents of industries and canals water 
and in ground water of New Janta colony. The highest value 
(.920 ppm ) has been recorded in effluents of Ballabgarh 
drain . 
Manganese is an essential element for nutrition of man. 
Its deficiency may inhibit growth, disrupt the nervous system 
and interfere wi'th a reproduction functions (Mc neely et al 
1979). Higher concentration of manganese is toxic and may 
cause manganism, a disease of central nervous system involving 
neurological disorder, with the result there may be 
irritability, difficulty in walking, speec_^ h disturbances etc. 
(Mena et al , 1967) . 
ARSENIC (As) :-
The main sources of arsenic are pharmaceutical, paper 
pulp, and glass industry. The concentration of arsenio in the 
area ranges from .002 ppm to .100 ppm, aveinging .031 ppm. 
The concentration in ground water of Faridabad is below the 
permissible limit for drinking purpose (.05 rpm ISI, 198;i). 
Relatively high concentration of arsenic has been observed in 
the water samples of industrial effluents. 
Arsenic is known to be very toxic metal. Arsenic like 
o ; 
lead stays in the system for months and re>?ular intakf;f buiJiis 
up slowly in the body until it reachs poisonout! level. It oan 
cause dermatitis; irritation of upper respiratory passage nnd 
cutaneous cancer. 
THALLIUM (Tl):-
The main source of thallium pollution is pesticides and 
cosmetic industry. It is largely used as depilatory agent. 
Thallium concentration ranges from .002 ppm o^ .526 ppm. The 
maximum value has been recorded in the ground water of Dabua 
colony. Thallium is only toxic metal from the third group of 
periodic table. It causes chronic poison Ln«f. 
BISMUTH (Bi) :-
Bismuth occurs in a free state in nature often associated 
with silver, gold, copper, lead and other minerals. The main 
source is native bismuth and sulphide ores. In the area the 
sources of bismuth are the industries manufacturing pigments 
glass and alloys. Concentration of bismuth ranges between .014 
ppm and 2.416 ppm. Higher concentration of bismuth has been 
observed in Jawahar colony, Badhkal lake, Ballabgarh drain nnd 
canal near Ballabgarh. Average value of bismuth is 1.023 ppm. 
HEAVY METALS IN SOIL :-
Soil samples have been collected along the Yamuna river 
and canals. Eight samples were analysed for heavy metals. The 
concentration of heavy metals in soil samples is given 
in table 7. Heavy metals in soil are comparatively higher 
than in water. 
Zinc concentration ranges between 1.248 ppm and 3.542 ppm 
averaging 1.953 ppm. Maximum concentration is recorded in the 
soil sample collected from Agra canal sector -9, whereas 
minimum value is observed at Chandpur village. Concentration 
of copper ranges from .03 ppm to 1.416 ppm with an average 
value of .734 ppm. Higher concentration is reported at Badhkal 
lake. Cadmium concentration in soil samples varies from .042 
ppm to .420 ppm. Average value is found to be .156 ppm. 
Relatively higher concentration is obtained at Arwa vilislge. 
Maximum concentration of Lead is obtained as .844 ppm at 
Ballabgarh and minimum (.144 ppm) at Chhansa village. The 
average value is noticed as 3,6 ppm. Concentration of Iron in 
soil samples varies from 1.082 ppm to 10.04 ppm averaging 4.73 
ppm. Higher concentration has been observed at Chhansa 
village. Higher concentration of this metal is due to 
manufacturing of ferro-manganese alloys, paints and pigments. 
Manganese concentration varies from 1.542 ppm to 10.42 
ppm with an average value of 4.404 ppm. Maximum value is 
obtained at Chandpur and minimum value at Badhkal lake. 
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PATHOLOGICAL EFFECTS OF HEAVY METALS WATER POLLUTANTS ON MAN:-
Metals Pathological Effects On Man 
1. Lead : vomitting, anaemia, loss of appetite, damage 
of brain, liver and kidney, convulsions. 
2. Cadmium : diarrhoea, growth retardation, kidney damage 
bone deformation, testicular atrophy, anaomia 
injury of central nervous system, and liver, 
hypertension. 
3. Arsenic : disturbed peripheral circulation, mental 
disturbances, liver cirrhosis, hyperkeralosis 
lung cancer, kidney damage. 
4. Copper : hypertension, uremia, coma, sporadic fever. 
5. Zinc : vomitting, renal damage, cramps. 
6. Hexavalent : nephritis, gastro-intestinal ulceration; 
Chromium 
disease in central nervous system, cancer 
7. Cobalt : diarrhoea, low blood pressure, paralysis 
bone deformation. 
8. Mercury : abdominal pain, headache, diarrhoea, chest 
pain, hemolysis 
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TABLE - 2 
PRESERVATION METHOD 
Parameter Preservation Max. Holding 
Period 
Calcium None required V days 
0 
Acidity/alkalinity refrigeration at 4 C 24 houra 
0 
BOD refrigeration at 4 C 6 hours 
COD 2 ml sulphuric acid/litre 7 days 
0 
Colour refrigeration at 4 C 24 hours 
Dissolved oxygen determined- on site 
Chloride none required 7 days 
Fluoride none required 7 days 
Hardness none required ' 7 days 
Total Metal 5 ml nitric acid/litre 6 months 
pH determination on site 
TDS none required 7 days 
Turbidity none required 7 days 
0 
Sulphate refrigeration at 4 C 7 days 
Sulphide 2 ml zinc acetate/litre 7 days 
0 
Conductivity refrigeration at 4 C 28 days 
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TABLE - 3 
AVERAGE VALUES OF VARIOUS CHEMICAL CONSTITUENTS (in ppm) 
IN DIFFERENT E.C RANGES (micro seimen/cm) 
E.G. Ranges H HCes CI Ca Mg Na K 
1000 -
2000 -
3000 -
4000 -
> 5000 
2000 
3000 
4000 
5000 
135 
235 
185 
254, 
405, 
.8 
.0 
.0 
.0 
62 
59, 
69 
89, 
61 
,52 
.95 
.13 
,06 
.0 
103, 
213, 
275, 
439, 
489, 
.0 
,74 
,2 
.2 
.1 
76. 15 
94.26 
131.2 
- 173.2 
183.5 
6.69 93.5 22.4 
28.82 146.3 16.66 
12.2 135.0 15.24 
24.1 147.1 18.2 
80.7 177.8 13.8 
WATER QUALITY CRITERIA FOR PUBLIC WATER SUPPLY 
ISI 1983 WHO 1971 
Character-
istics 
I I 
IHighest IMaximum (ppm) | Highest 1 Haximum(ppin) 
IdesirableCppm) |permissible |desirableCppm)1 permissible 
PH 
Total hardness 
Calcium 
Magnesium 
Bicarbonate 
Nitrate 
Chloride 
Sulphate 
Aluminium 
Iron 
Manganese 
Copper 
Zinc 
Arsenic 
Mercury 
Cadmium 
Lead 
Chromium 
Selenium 1 
1 7.0 - 8.5 
I 300 
1 75 
' 30 
45 
250 
150 
0.3 
0.1 
0.05 
5.0 
0.05 
0.001 
0.01 
0.05 
0.05 
0.01 
6.5 - 9.2 
600 
200 
100 
45 
1000 
400 
1.5 
0.5 
1.5 
15.0 
No relaxation 
do 
do 
do 
do 
do 
7.0 - 8.5 
100 
30 
45 
200 
200 
0.1 
0.05 
0.05 
5.0 
0.001 
0.10 
0.01 
6.5 - 9.2 
500 
150 
45 
600 
400 
1.0 
0.5 
1.0 
15.0 
0.05 
0.001 
0.01 
0.10 
0.01 
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TABLE 
CONCENTRATIONS OF TRACE ELEMENTS IN WATER SAMPLES (in ppm) 
Samp' 
No. 
1. 
2 . 
3 . 
4 . 
5 . 
6. 
7 . 
8 . 
9 . 
10. 
1 1 . 
12. 
13 . 
14. 
15 . 
16. 
17. 
18 . 
19. 
20 . 
Le Cd 
.002 
.504 
.104 
.004 
.004 
.416 
.220 
.008 
.016 
.004 
.016 
Pb 
.124 
.192 
.408 
.306 
.168 
.252 
.098 
.164 
.200 
.150 
.148 
.154 
.256 
.174 
.454 
.372 
.012 
.116 
.044 
Cu 
1.828 
1.240 
.116 
.116 
.480 
1.240 
.020 
.168 
.018 
.014 
.108 
.006 
.018 
.018 
.306 
.140 
.390 
.422 
.248 
.238 
Zn 
.386 
.332 
.198 
.038 
.620 
.238 
.086 
.428 
.236 
.304 
.242 
1.032 
2 .216 
.216 
2 .452 
1.240 
.220 
.026 
.124 
.056 
Fe 
.450 
.554 
.050 
.678 
.240 
.164 
.458 
.200 
.330 
.040 
.794 
.046 
.580 
.250 
.140 
.180 
.342 
1.550 
1.542 
.620 
Hri 
.020 
.070 
.540 
.224 
.500 
. 2A\'j 
.062 
' .075 
.150 
.062 
.036 
.066 
.120 
.116 
.240 
.432 
.020 
.260 
.636 
.325 
As 
.192 
.014 
.042 
.032 
.002 
.004 
.020 
.008 
.004 
.026 
.058 
.016 
.024 
.008 
.042 
.050 
.018 
.062 
.100 
.004 
Tl 
.050 
.246 
.144 
.526 
.062 
.016 
.180 
.240 
.068 
.068 
.054 
.002 
.176 
.006 
.010 
.200 
.316 
.038 
.002 
.210 
Bi 
.584 
.124 
.062 
.486 
.452 
1.010 
.062 
.082 
.058 
.128 
.026 
.014 
.076 
.288 
.062 
.090 
1.144 
.026 
.040 
.044 
Sample Cd 
No. 
21. .012 
22. .018 
23. .014 
24. .008 
25. ---
26. ---
27. — -
28. ---
29. .002 
30. .018 
31. .022 
Avg..045 
Pb 
.164 
.216 
.238 
.216 
.262 
.058 
.118 
.476 
.166 
.160 
.122 
.192 
Cu 
.088 
.288 
.446 
.578 
.032 
.256 
.422 
.272 
.048 
.030 
.364 
.321 
Zn 
.178 
.204 
.258 
.052 
.214 
.156 
.192 
1.752 
.188 
.654 
.148 
.473 
Fe 
1.840 
1.282 
.420 
.060 
.330 
2.664 
.006 
.246 
.022 
.480 
2.892 
.629 
Mn 
.252 
.260 
.080 
.420 
.080 
.920 
.600 
.062 
.121^3 
.422 
.840 
.268 
As 
.082 
.060 
.014 
.020 
.022 
.006 
.018 
.014 
.042 
.082 
.060 
.031 
Tl 
.524 
.090 
.380 
.300 
.120 
.048 
-" -
.056 
.010 
.082 
.472 
.162 
Bi 
.098 
.088 
.044 
. 144 
.418 
.058 
.030 
.412 
.044 
.408 
.120 
.199 
/ M 
TABLE - 7 
LOCATION AND CONCENTRATIONS OF HEAVY METALS IN SOIL SAMPLES 
(in ppm) 
S.N. Location Zn Cu Cd Pb Fe Hn 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
Escort factory 
Agra canal sec. 
Chandpur 
Arwa 
Chhansa 
Ballabgarh 
Mujesar jhuggi 
Badhkal lake 
,9 
col. 
1.264 
3.042 
.264 
2.822 
3.542 
.824 
1.248 
2.616 
1 
1 
1 
.036 
.046 
.842 
.616 
.030 
.024 
.862 
.416 
.114 
.062 
.066 
.420 
.042 
.158 
.216 
.188 
.516 
.816 
.226 
.412 
.144 
.844 
.616 
.200 
4.242 
8.616 
1.082 
5.86H 
10.04 
3.542 
2.640 
1.820 
2.486 
6.820 
10.420 
1.644 
3.840 
6.162 
2.320 
1.542 
Average 1.953 .734 .158 .472 4.730 4.404 
FIGURE - 4 
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( VI ) 
8 
CONCLUSION AND SUMMARY 
; < < ; t ; * * ; ^ * * * * * ) ( < * * * * ******* 
Water from surface and subsurface sources provides 
sustenance to plants and animals, constitutes habitat for 
aquatic organism and meets important agricultural and 
industrial needs. For much of the land surface the critical 
problems of water use are related to its iir:ited volume, 
fluctuations in its flow from season to season and continuous 
degradation of water quality. Demand for water has generated 
some of the largest construction projects as well as weather 
modification schemes. Such activities drastically change the 
underlying ecosystem and may have unintended impacts on 
aquatic system. Waste disposal and improper management of 
water projects have led to unfortunate i:esults, including 
the spread of various diseases such as typhoid, jaundice 
cholera, diarrhoea, dysentry, cancer, abdominal and 
respiratory illness. 
In view of importance of Faridabad as one of the major 
industrial towns in the country and its important role in the 
economy of Haryana state, it is necessary to carry out 
systematic study about hydrochenistry and ground water 
pollution of the area. The study is conducted in order to 
find out the role of heavy metals in water quality and extent 
of surface and subsurface water pollution from domestic, 
industrial wastes and agricultural activities. 
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Detailed information about various chemical 
characteristics, temporal changes in water quality and 
variation in chemical characteristics with increase in depth 
with other features, would be useful in planning for control 
and abatement of water pollution to safeguard the health of 
the people of the area. The systematic study of the chemical 
nature of surface and subsurface water bodies has been made to 
find out the extent of pollution of various major ions and 
heavy metals. 
The overall salinity of water in Faridabad area is 
generally . high. Ground water in central industrial and 
residential area is characterised by high extent of 
mineralization whereas eastern rural area is characterised by 
low extent of mineralization. In general avi^ rs^ ge value of 
major ions increases with increase in salinity (Fig.7 & 8). 
The high concentration of sodium, potassium, calcium and 
magnesium in water samples are 400 ppm, 60 ppm, 400.8 ppm and 
192.5 ppm respectively. The higher values of these cations are 
attributed to both intensive industrialisation and 
agricultural activities in the area. The concentration of 
major ions exceed the maximum permissible limit prescribed by 
WHO (1971) in some of the water samples. The concentration of 
calcium in ground water is found to be much higher as compared 
to prescribed limit in Punjabi colony, Mujesar colony and near 
hariom engineering works. 
8:, 
Higher values of calcium may be attributed to excessive 
use of nitrogenous fertilizers, animal wastes and presence of 
alkali and saline soil in the area. Samples collected from 
shallow aquifer show higher concentrations of major ions than 
those from deeper aquifer (figure 13). This shows that 
pollutants are mainly confined to shallow £.quifer and they 
could not reach at greater depth in the aquifer. So, the water 
should be trapped from deeper aquifer for drinking purpose. 
The chemical analysis of selected effluents and ground 
water for heavy metals has revealed that some of the 
constituents present in these are in concentrations mtich 
higher than the'tolerance limits prescribed by ISI(1983) and 
WHO (1971). The wide spread practice of dumping raw sewage in 
shallow soakpits has made apprehension of ^ pollution of ground 
water in the area. Dtermination of trace elements such as Fe, 
Mn, Cu, Cd, Pb, Zn, Tl, As and Bi in surface water, ground 
water and industrial effluents has been made. The average 
values of different trace elements are shown in figure 9. 
The extent of ground water pollution that can be caused 
by industrial effluents can easily be visualised from the high 
levels of trace elements present in the effluents at the time 
of discharge (table 6). The heavy metals in water samples 
ranged as-follows; Cu .006 to 1.828 ppm, Cd .002 to .504 ppm, 
Pb .012 to .408 ppm, Zn .038 to 2.452 ppm, Mn .020 to .920 
ppm, As .002 to .100 ppm and Bi .018 to 1.144 ppm. 
'jii 
While comparing the cadmium content with WHO standard 
(1971), the concentration in many samples is found to exceed 
the maximum permissible limit. The higher concentration is 
mainly due to a number of Industrial processes like 
electroplating , paints and pigments, stabilizer in plastic 
and in welding electrodes. This metal is highly toxic to human 
health if its concentration is more than .01 ppm (WHO, 1971). 
Concentration of zinc is much below the highest desirable 
limit (5.0 ppm). The highest concentration (2.452 ppm) has 
been recorded from Sanjay colony. Zinc is essential to all 
animal and human beings, especially during early stages of 
development and growth. Slight deficiency may cause loss of 
fertility, delayed healing and disorder of bones, joints and 
skin. 
Concentration of lead exceeds the maximum permissible 
limit prescribed by WHO , 1971 (.10 ppm) in a]flcst all samples 
except two. The value of lead ranges between .012 ppm to .454 
ppm. The consequences of lead pollution in relation to the 
human health are of great concern because higher content of 
this metal causes various effects on skin, anaemia and mental 
disorder. This alarming higher concentration in water is due 
to extensive use of lead in printing, manufacturing of paints, 
water pipes, storage battery etc. 
Copper concentration exceeds maximum permissible limit 
only in few samples. Generally the concentration is below 1.00 
ppm. Thallium concentration is also low, ranging between .002 
to .524 ppm. Maximum concentration of iron (2.892 ppm) exceeds 
the recommended limit (.3 to 1.0 ppm ISI, 1983) at sewage 
plant Gurgaon. In ground water of the study area the iron 
concentration is well within the permissible limit. The 
concentration exceeds the permissible limit in effluents of 
industries and canal water. 
Very high concentrations of copper, lead and cadmium 
indicate that effluents are being discharged in concentrations 
far higher than the permissible limits resulting in pollution 
of ground water. Concentration of manganese is i^ cll within the 
permissible limit . Relatively higher concentration has been 
reported in effluents of industries manufacturing 
ferromanganese alloys, dry cell batteries, paints and pigments 
etc.. The common symptom of manganese poisoning are 
neurological disorder and respiratory illness. Arsenic 
concentration is within the permissible limit but few samples 
show relatively higher concentration. 
From the analysis of water samples collected from shallow 
and deeper aquifer, it has been observed that the 
concentrations of trace elements in deepr aquifer are 
generally less in comparison to the concentrations in shallow 
aquifer. Figure 12 shows the comparison bar graph based on the 
average values of trace elements in shallow and deeper 
aquifer. 
U2 
While comparing the concentration of heavy metals in soil 
with the concentration in water, it has been observed that 
concentrations are higher in soil samples in comparison to 
water samples. In soil samples the concentrations of different 
trace elements ranges as follows; Zn 0.264 tc 3.542 ppm, Cu 
0.030 to 1.416 ppm, Cd .042 to .420 ppm, Pb .144 to .844 ppm, 
Fe 1.082 to 10.04 ppm and Mn .542 to 10.42 ppm. Chemical 
behaviour of heavy metals in soil and its concentration with 
respect to water is shown in figure 10 and figure 11 
respectively. 
Higher content of trace elements in soil are due to 
changing of various environmental conditions such as pH and 
high carbon content. Under these conditions the hydroxides of 
many heavy metals are precipitated or coa^lated and settled 
down into bottom sediments. Some times these sediments are 
flushed out on the soil surface during flooding or overflow of 
water. 
\Li 
RECOMMEHDATION 
The water pollution in the study area is mainly due 
indiscriminate disposal of industrial wastes on the land and 
surface water channels. From the present investigation, it has 
been found that the area shows high content of pollutants 
which includes high concentrations od Cu, Pb, Zn, Cd, Fe and 
to. f^s gro\i^ \d v<s.ter is the t^ a^ jar source of driakiag, water axid 
industrial supply of Faridabad area, ameliorative measures are 
necessary to safeguard the health of people of the area. 
Continuous monitoring and remedial measures should be 
implemented to reduce the metals content in the industrial 
effluents to avoid further enhancement of pollutants in the 
area. Pollution loads from industrial and urban centres can be 
reduced by installing proper waste treatment and disposl 
system. Stabilisation of ecosystem is the most reliable way to 
control water pollution which involves reduction in waste 
input and removal of biomass, fish management and aeration. 
Various physical and biological methods are followed to 
restore species diversification and eco-balance in the water 
body to prevent water pollution. 
Reutilization and recycling of waste is another way to 
control water pollution. Various kinds of wastes such as paper 
pulp, municipal and industrial effluents, sewage and thermal 
pollutnats can be recycled to advantage. Urban waste could be 
Ht 
recycled to generate cheeper fuel gas and electricity. 
Various impurities in water like suspended solids, 
dissolved solids, bacteria and other chemical and biological 
pollutants can be minimised by various treatment mechanism 
such as adsorption, electrodialysis, filtration, chlorination, 
precipitation, ion exchange and reverse-osmosis. Environmental 
implication of all development projects including landuse 
planning, new industries and irrigation scheme should be well 
examined before implementation. 
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